Abstract.-We build a partial equilibrium model of firm dynamics under exchange rate uncertainty. Firms face idiosyncratic productivity shocks and observe the current level of the real exchange rate each period. Given their current level of capital stock, firms make their export decisions and choose how much to invest. Investment is financed through one period loans from foreign lenders. The interest rate charged by each lender is set to satisfy an expected zero-profit condition. The model delivers a distribution of firms over productivity, capital stocks and debt portfolios, as well as an exit rule. We calibrate the model using data from a panel of Mexican firms, from 1989 to 2000, and analyze the effect of the 1994 crisis on these variables. As a result of the real exchange rate depreciation, the model predicts: (i) an increase in the debt burden, (ii) an increase in exports, and (iii) a large decline in investment. These real effects are consistent with the evidence for the Mexican crisis.
Introduction
In the past decade, several Latin American and East Asian countries have undergone currency crises that have been accompanied by substantial falls in investment and output. For instance, Mexico experienced in December 1994 a sudden real exchange rate depreciation of 55%. The economy-wide GDP fell by more than 6% in 1995 and capital investment dropped by more than 29% in the same period.
Previous quantitative structural models have explained the fall in output and investment in terms of an exogenous drop in total factor productivity (see for example Bergoeing et al. 2002) . However, given the large change in the relative price of domestic and foreign goods that was associated with these real effects, it is reasonable to expect that movements in the real exchange rate could have a role to play in explaining movements in investment and output.
The existing literature has identified two main channels through which exchange rate depreciations may affect investment. (See for example Krugman 1999) . First, depreciations increase the competitiveness of firms in export markets and lead to higher export revenues. Second, firms that hold foreign currency denominated debt face an increase in the value of their liabilities in domestic goods. The former effect, termed the "competitiveness effect" increases profits and net worth, while the latter, termed the "balance sheet effect" reduces the net worth of firms. As the literature on the financial accelerator (see for example Bernanke and Gertler 1989) shows, in a world of imperfectly competitive capital markets, changes to the net worth affect firms' access to external funds and hence do have real effects. We could expect to find a positive or a negative effect of devaluation on investment and output, depending on the relative strengths of the two effects.
In this paper, we visit the same question, namely, how do depreciations affect firm investment. We build a model in which the which we can observe balance sheet and competitiveness effects. In addition, exchange rate movements also affect the cost of credit to firms in our model through two additional (opposing) channels. The interest 1 rates charged to firms in foreign goods increase in the wake of a devaluation. This effect however, is mitigated by the fact that after a large depreciation, the expectation of subsequent devaluations is substantially smaller. This reduces the value of future expeditures (including debt repayments) in domestic goods. The net effect of devaluations on the cost of credit then depends on which of these effects dominate. We are therefore able to examine the effects of real exchange rate movements on firms' net worth and cost of credit in a unified framework and quantify their effect on output, investment and debt.
The model is a partial equilibrium model of a small open economy with heterogeneous firms. There are two goods: a domestic and a foreign good. The relative price of these two goods is the real exchange rate, that we assume follows an exogenously give first order Markov process. Firms produce domestic output using capital through a decreasing returns technology. Domestic output can be transformed into exports through a concave technology. In this way, we introduce in a simple way the insight that firms cannot switch their production from domestic markets to exports costlessly, due to, for example, an inelastic world demand for exports.
Firms accumulate capital over time. However, investment can only be financed through internal resources or by borrowing in the international capital market. Domestic borrowing and equity issue are not important sources of funds for firms in underdeveloped countries, because of participation constraints and/or high transaction costs.
1 Therefore, we abstract from these sources of financing. Foreign debt is denominated in units of the foreign good. In case of default, the foreign lender seizes the current value of firm' resources. The interest rate is firm specific, and equal to the exogenous risk free rate adjusted for a risk premium. Competition among lenders drives expected profits to zero. 1 Dollar denominated debt as a proportion of total debt for our sample of Mexican firms has ranged between 60% and 70% since 1993. There is also evidence that even firms listed in the Mexican stock market did not raise significant resources through equity in that period. 2 The model of firm dynamics that we use borrows from to Cooley and Quadrini (2001) and Pratap 
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Firms are heterogenous in their productivity, capital stock, and foreign debt. Individual firms' productivity follows a first order Markov process. In the aggregate, however, the only uncertainty is about the real exchange rate. Firms face an exogenous death (turnover) probability each period which, together with firms defaulting on their loans, generates exit in our model. Entry is exogenous, as new firms replace those who exit. We focus on an invariant distribution of firms across states.
To calibrate the model, we use a panel of Mexican firms participating in the stock market, between 1989 and 1994. These firms accounted for 80% of private borrowing before the 1994-95 crisis. In this sense, it is a special sample for which we should expect strong effects of the real exchange rate depreciation. We use individual firm's data on capital, sales, and exports to construct the idiosyncratic productivity processes. We then calibrate the key parameters so that the invariant distribution of our model replicates some aggregate moments (as capital to sales, investment to sales, exports to sales, debt to exports ratios, and exit rate) for these firms averaging the 1989-94 period.
As (i) an increase in the debt burden, (ii) an increase in exports, and (iii) a decline in investment, immediately after the devaluation. In fact, we account for 85% of the observed drop in investment in 1995 with our model. However, we are not able to account for the sustained export boom in the second half of the 1990s, which can probably be attrributed to structural changes in the economy such as NAFTA, and the fast recovery of investement.
and Rendon (2003) . In both models firm dynamics are determined by a combination of financial frictions and idiosyncratic productivity shocks. The present model differs from these models in that we also have an aggregate shock to exchange rates which affects net worth through its effect on exports, debt liabilities and the cost of credit. The last section concludes.
Data
The data used in this study consists of the balance sheets and income statements of all firms listed in the Mexican stock market (Bolsa Mexicana de Valores or BMV). The data is at a yearly frequency and covers the period 1989 to 2000. While the sample is restricted to publicly traded firms and firms that issue market debt, this does not represent a serious limitation for our study. First, this is the only data set of its kind available in Mexico and provides detailed information on the currency composition and maturity structure of debt. Second, while small firms that are not listed on the stock market could be exporters, they are not likely to have access to international capital markets. Our sample therefore, contains the firms where we are most likely to observe balance sheet effects of devaluations.
Each firm in the sample has an identifier, which allows us to link it across time.
The panel is not balanced and we do observe entry and exit. Exit can take place if a firm is de-listed from the stock exchange, or if it merges with another one. In either case, the BMV removes the firm from the panel. However, we retain firms, which are de-listed in the panel for the entire period for which data is available.
Although the full sample includes 378 firms, only 339 firms were considered in the empirical analysis. This follows from the following adjustments. First, we removed firms with zero capital for one or more years. Second, we eliminated firms where the capital stock was beyond the mean +/-3 standard deviations for any one year. Table 1 presents the sectoral composition of the firms in our sample. Roughly half the firms are from the manufacturing sector and about 10% from construction.
A third of the firms are in the service sector, which mainly comprises of trading and retail activities. There is also a handful of firms in transport and mining. About 15% of the firms are not classified by sector and are grouped under the category "other". What were the characteristics of the firms that contracted these large and increasing amounts of debt? Tables 3 and 4 present some joint distributions for 1989 to 1994.
Both short and long term debt were strongly correlated with the amount of capital stock the firm owned. Exports and debt were also correlated positively. In fact, we see that firms that borrowed more than the 75th percentile accounted for almost 90
per cent of exports and 74 percent of capital stock. Firms with zero debt tended to be very small both in terms of capital and sales. They also exported negligable amounts.
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The exchange rate devalued sharply in December 1994. The real exchange rate of 1995 was 5.41 pesos to the dollar, almost 55 per cent higher than that of 1994, and remained well above 1994 levels up to for the next four years. This had large effects on firm behavior, as Table 5 shows. The value of foreign currency denominated debt in domestic goods shot up, and the short term debt to exports ratio increased from 1.5 to almost 1.8. This was accompanied by a substantial increase in the financing costs of liabilities, from 2.5 to 14 percent of the value of total liabilities, implying that even if firms had other investments for hedging exchange rate risk, the cost of credit increased substantially. These shocks to the balance sheet and to the cost of credit were reflected in the investment decisions of firm. The average investment to sales ratio fell by 5 percentage points by 1995. Exports boomed, and doubled as a proportion of sales in the immediate aftermath of the devaluation. Despite this boom however, the debt to exports ratio declined only to 1.2, and financing costs were still 6 per cent of total liabilities in 1995.
By 1996, firms made some efforts to align short term foreign currency denominated debt with exports. This ratio fell marginally below 1 in 1996, for the first time since
1989. In subsequent years the amount of short term debt undertaken by firms fell steadily till it was about 70 percent of total exports. This was accompanied by a corresponding decline in interest payments. Investment suffered from this lack of finance and did not recover till 1998. Table 6 presents the changes in the absolute magnitudes of capital stock, debt, investment, exports and sales relative to 1994 values, which have been set to 100. As was also shown in the previous table, the value of exports in real pesos doubled in 1995 and has remained at roughly that level since. Total sales in 1995 were practically stagnant, suggesting a large decline in domestic sales. Thereafter, total sales grew slower than exports. Domestic sales therefore, took a long time to recover. Short term debt in real pesos increased by 33 per cent in 1995, however it subsequently fell by about 20 percent in 1996 and a further 10 percent in the following year. Total debt liabilities also increased by 17 percent in the immediate aftermath of the exchange rate shock, and declined the following year.
Average investment declined by 40 percent in 1995 and remained below 1994 levels levels for four years. Table 7 shows how this decline in investment was distributed among firms with varying debt to exports ratios. It is striking that the largest fall in investment between 1989-1994 and 1995-2000 was for the firms that had low exports and high levels of debt. These firms reduced investment by 50 per cent. For firms with high levels of debt and exports, the fall was much more modest at about 11 per cent. It therefore seems that the fall in investment was related to the degree to which the firm could insulate itself against exchange rate shocks.
Finally Table 8 shows the relation between our sample and some macro aggregates.
The firms in our sample accounted for about 12 to 15% of total investment in the economy (including government investment) in the years upto 1994. The total debt 8 in foreign currency contracted by the firms in our sample was more than 80 % of the total borrowing abroad by the private sector in the years around the exchange rate devaluation. Their exports however were just 18% of non-petroleum exports. The balance sheet effects for these firms can be expected to be more pronounced than for the economy as a whole. In fact, the total investment in the economy declined by 29%, in 1994, however, these firms saw a substantially larger decline of about 38%, since they were much more vulnerable to exchange rate risk.
The Model
We build a partial equilibrium model of a small open economy with heterogeneous firms. There are two goods: a domestic and a foreign good. We denote the relative price of foreign over domestic goods (i.e., the real exchange rate) by e. This price is a random variable which follows a first order Markov process with support [e, e]
and conditional density dF (e 0 |e). A real depreciation of the domestic currency is equivalent to a high realization of e.
We model the domestic production sector as a continuum of firms heterogeneous in their level of capital K, their productivity, and their outstanding foreign debt B.
We assume that firms face idiosyncratic productivity shocks θ each period, which also follow a first order Markov process with support [θ, θ] and conditional density dP (θ 0 |θ).
Production and Exports
At the beginning of each period, the real exchange rate e and the idiosyncratic shock θ are realized. Given these realizations and the current values of K firms produce θf (K) units of domestic good, where f is a concave production function. Firms also choose the fraction of their output x devoted to exports given a concave technology to produce the foreign good out of the domestic 9 good ηg [xθf (k)], where η is a firm-specific export-type 5 . The export decision is static and independent of capital accumulation and its financing. The value of a firm's production in domestic goods (or total value of sales) is given by
The dynamics of the firm is governed by the investment decision and its financing.
Given their capital K, outstanding foreign debt B, the real exchange rate e and the current productivity θ, firms choose their level of investment I, given the law of motion for firm's capital K 0 = (1 − δ) K + I and a depreciation rate δ. Investment must be financed out of firms current resources (or net worth)
and new foreign borrowing B 0 , subject to the non negative dividend constraint:
where R is the gross, firm specific interest rate measured in foreign goods.
Interest Rate on Loans
The interest rates of loans are set before uncertainty at the period of repayment is realized. In case of default, foreign lenders have the right to seize all the firms resources and the firm must exit. Foreign lenders have access to an international credit market, with a risk-free interest rate ρ given. Competition among lenders ensures that the firm specific interest rate would be equal to the risk free rate, adjusted for a risk premium, so as to satisfy a expected zero profit condition.
Consider the problem of the representative foreign lender. A loan of size B 0 will be repaid only if
, that is, if the value of the firm's net worth 5 To have a well defined problem, we impose the following conditions on the production function f : tomorrow is non-negative. Otherwise, the firm is liquidated and the foreign lender seizes the value of firm's collateral
For simplicity, we rule out the possibility of renegotiating loans, i.e., the possibility to pay back current debt with new borrowing.
Competitive lending implies that the interest rate in foreign goods R 0 must satisfy the following zero-profit condition
where
] is the probability of repayment and Ω ≡
as a function of the firm's type, the real exchange rate, the size of the loan and the amount of capital accumulated for next period.
Bellman Equation for the Firm Let ρ d be the domestic interest rate used by firms to discount profits, and λ an exogenous death (or turnover) probability. Define also the indicator function
which takes the value 1 whenever the firm is in a state in which the debt is repaid.
The firm's dynamic optimization problem can now be written in recursive form as
subject to the conditions (1), (2) , and (3). We also require B 0 ≥ 0, i.e., the firm cannot accumulate resources other than capital stock.
Aggregate Dynamics Each period, a fraction λ of firms exit the economy, together with firms which default on their loans. We assume that these firms are replaced next period by a similar mass of firms with: (i) the minimum level of capital, (ii) a level of debt equal to a fixed cost of entry φ, (iii) a random productivity draw, and (iv) same export-type.
Let the measure µ (K, RB, θ, η) to represent the distribution of firms in the economy, so that the aggregate state for the economy is (µ, e). Given a current value for the real exchange rate e, the distribution of firms µ evolves according to the operator T e , defined as µ 0 ≡ T e µ where
using Υ as the indicator function defined above and
The entry/exit rule implies
By construction, it is the case that R K,RB,θ,η dµ (K, RB, θ, η) = 1, so µ is indeed a probability distribution function.
The distribution of firms allow us to compute aggregate statistics for the economy, given a real exchange rate e. For instance, aggregate output (or total value of sales) is given byȲ
and exports, in units of domestic output,bȳ
An invariant distribution for a constant real exchange rate e is a distribution of firms µ * satisfying µ * = T e µ * . In our benchmark economy, we focus on an invariant distribution in which e takes its mean value. This is, we look for the asymptotic distribution of firms shutting down the aggregate uncertainty in the economy.
Characterizing Optimal Firm's Decisions
We begin our analysis characterizing some properties of the firm's optimal decisions and the interest rates for loans. We explain these properties intuitively in the text and present a series of formal propositions with proofs in the Appendix.
The Export Decision and Firm's Collateral
The firm faces an export decision, i.e., has to decide the fraction of output x devoted to the export market. This decision is static, since output is determined . The optimal export decision can be represented by a function
The optimal choice of x can be understood from Figure 1 , which shows the trade off between domestic and export production. Given K, θ and η, domestic goods can be transformed into exports through the concave technology g (.) . A unit decline in domestic output increases export output by ηg 0 (xθf (K)) For an interior solution, the relative price line, with slope 1/e, must be tangent to this production possibility frontier, i.e.
The solution to this equation gives us x (K, e, θ, η) . As e increases, exports become more profitable and x increases. It is also easy to see that given θ, K and e, a firm with a higher η will export a higher share of its output compared to a firm with a lower η.
For the tangency condition to hold, a higher η will require a lower g 0 (xθf (K)) which can only be achieved with a higher x, given the concavity of g (xθf (K)) . Similarly an increase in K will increase domestic production more than it will increase exports, since domestic goods require a transformation of capital through the function f (.)
whereas the production of exports necessitates a transformation of capital through f (.) and g (.)
. Hence an increase in K will reduce the share of exports in total production. A similar argument implies that, given η, higher θ firms will export a smaller share of their output.
Replacing the optimal export decision in the definition of firm´s total resources today we obtain the indirect function
which represents the current value of firm´s collateral in units of domestic output.
This collateral function is increasing in K and θ. It is also increasing in e and in the firm's export productivity η. These results are all proved in Proposition 2 in the appendix.
Π (K, e, θ, η) /e represents the value of firm's collateral in units of foreign output and can be written as
As e increases, we know that exports increase and domestic production declines. However, we saw earlier, that the increase in exports is less than the decline in domestic production, given the concave export technology g (.), so that Π (K, e, θ, η) /e is declining in e. This is an important feature of our model since the value of resources 14 in foreign goods is collateral for borrowing. A depreciation in the real exchange rate reduces the value of this collateral and reduces the capacity of firms to borrow. Given the financial market imperfections, this has real effects on investment.
The Equilibrium Interest Rate
Consider a representative foreign intermediary lending B 0 units of foreign output at an interest rate R 0 to a firm with productivity θ and export-type η. The proba-
] where e 0 and θ 0 are the realizations of the real exchange rate and the productivity shock tomorrow and K 0 is the firm´s capital tomorrow. K 0 of course is the result of an optimal decision rule implemented today as a function of the state (K, RB, e, θ, η), which we take for now as given. We also define the conditional probability
The probability of repayment depends on the interest rate charged by the foreign lender, the optimal decisions K 0 , B 0 , and the realizations of e 0 and θ 0 . For this, let us
The cut-off levelê represents the maximum real exchange level for which the firm can honor the foreign debt contract. This level depends on the firm capital, debt, and productivity tomorrow. Above this level, the firm defaults and the foreign lender seizes all current collateral.
The probability of repayment, conditional on firm´s productivity tomorrow, is
given by
F (ê| e) ∈ (0, 1) , otherwise
We can restate now the zero profit condition for the foreign lender (3) as
noting that both π θ 0 and b e are functions of K 0 , θ 0 , R 0 , B 0 , and e. This condition implicitly defines R 0 as a function of K 0 , B 0 , e, θ, and η.
Firms with higher capital stock tomorrow will obtain loans at a lower interest rate. The intuition for this is simple: A higher value of K 0 will imply that the firm has higher collateral tomorrow. Hence the cut off value of e 0 upto which it is able to pay its loans is higher, and the probability of default is lower, all other things remaining constant. Similarly, a high value of η, by increasing the value of collateral and reducing the risk of default, implies a lower interest rate.
We can also show that for a given level of K 0 , the interest rate is increasing in B 0 .
A higher B 0 , all other things constant, will imply that the largest realization of the exchange rate b e at which the firm is able to pay its debt, is lower. This increases the probability of default and the lender charges a higher premium over the interest rate.
Proposition 5 in the appendix formalizes these arguments.
The effect of the current interest rate e on the interest rate works in two ways.
Given K 0 and B 0 (which are themselves functions of e), 6 a high value of e today implies that the value of e 0 tomorrow will also be high, given the persistence of the process for the exchange rate. This will reduce the expected value of collateral tomorrow 6 In this sense we are concerned with the direct effect of e on the interest rate, not the indirect effects through changes in K 0 and B 0 .
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and therefore raise the probability of default. Second, a high value of e will shift the density f (e 0 |e) to the right. For inverted U shaped densities (including the normal and the log normal), this will increase the density for high realizations of e 0 and reduce it for low realizations of e 0 .This implies that the probability of e 0 being below a cutoff b e is reduced, i.e there is a smaller probability of repayment. In Proposition 6 we provide conditions under which a depreciation of the real exchange rate increases/decreases the interest rate.
Net Worth and Cost of Capital Effects
We now summarize the results obtained so far, focusing on the different effects of a real depreciation affecting investment decisions. We divide these effects in two groups:
net worth and cost of credit effects.
Net Worth Effects Firms' net worth is defined as total assets minus liabilities. In a given period, this is
From this definition, it is clear that the real exchange rate affects firms' net worth through two opposite channels. As we have seen earlier, a real depreciation (e ↑)
increases exports, and hence Π (K, e, θ, η) and net worth. We call this the competitiveness effect. On the other hand, the depreciation increases the burden of foreign debt in units of domestic output (eRB), for a given interest rate decided in the previous period, reducing net worth. This is the balance sheet effect which has been stressed in the literature.
Since net worth determines the internal resources available to a firm, the impact of a depreciation on investment depends (everything else equal) on the relative importance of these two effects. A strong competitiveness effect would imply a positive relation between the real exchange rate and investment, while a strong balance sheet effect would have the opposite implication.
The relative strengths of these two effects are illustrated in Figure 2 . The solid line shows Π (K, e, θ, η) as a function of e and the various dashed lines denote different levels of eRB. The solid line is convex in e until the point x = 1. The intuition for this is the same as the intution for the convexity of a profit function in prices.
As e increases, if the firm does not change its export decision, x, Π (K, e, θ, η) would increase linearly. However, since the firm will re-optimize its export decision following a change in e, the increase in Π (K, e, θ, η) is larger, leading to the convex shape that we observe. When e is high enough and x = 1, the firm cannot increase exports any more, and the value of its resources can only increase linearly with further increases in e. The net effects of devaluation depend on the relative magnitudes of Π (K, e, θ, η) + (1 − δ) K and eRB. For highly indebted firms, the balance sheet effect always dominates, whereas for firms with low debt, the competitiveness effect is stronger. For firms with debt levels between these two extremes, the effect of devaluations depends on their magnitude. Moderate devaluations increase the value of resources, but very small or very large devaluations have a negative effect on net worth. (ii) the interest rate in foreign goods. With a mean reverting process for e, a high realization today implies a low expected devaluation rate. Hence, a real depreciation decreases the cost of credit through this channel (Fisher effect) 7 . On the other hand, Proposition 6(i) in the appendix states conditions under which a high realization of e increases the interest rate in foreign goods, increasing the cost of credit (interest rate effect).
Cost of Credit Effects
Again, the impact of a depreciation on the cost of credit and investment depends on the relative importance of these two effects. Keeping net worth fixed, a higher cost of credit (due to a strong interest rate effect) decreases investment, while a lower cost of credit (due to a strong Fisher effect) increases it.
A Quantitative Model Economy
We calibrate the model in order to match some statistics from our sample of Mexican firms. For this, we make a strong assumption about stationarity, that is, we try to reproduce the properties of the 1989-94 panel of firms as if this panel was extracted from the invariant distribution of our model. As seen in Table 2 , some key ratios remained relatively constant during the pre-devaluation period. However, the 1989-94 featured an appreciation of the real exchange rate, which is inconsistent with our stationarity assumption. We see this exercise as a first step in order to assess the effects of the 1994-95 devaluation.
Calibration Strategy
The main parameters of the model to be calibrated are α, the technology parameter, ξ, the parameter for the transformation of domestic output into foreign output, δ, the depreciation rate of capital, ρ d , the domestic interest rate (or firm's discount 7 Notice that if capital goods were units of foreign output (imports), there would be no Fisher effect in our model, since firms would care about the cost of capital in foreign units. We don't have data on imports of capital goods in our sample of Mexican firms. However, a rough estimate using aggregate data suggests that imports account for only 30% of total investment.
19 factor), ρ, the risk free rate abroad, φ, the fixed cost of entry, and λ, the exogenous turnover probability. In addition, we need to calibrate the process for θ, the firm specific technology shock, the process for e, the exchange rate, and η which is the idiosyncratic export-type of firms.
We choose an international risk free rate of 5%, consistent with the average postwar US treasury bills rate, and a domestic interest rate of 13%, equal to the average real return of Mexican treasury bonds (CETES) in the 1989-94 period. Given our partial equilibrium setup, the stochastic process for the real exchange rate is also calibrated outside the model. We restrict this process to follow the AR(1) process in logs log e t+1 =μ + γ log e t + ε t+1
where ε t is a white noise with variance σ We then transformed it into a first order discrete Markov process using the Tauchen (1986) procedure, with a grid of 7 possible realization values.
The calibration strategy for the remaining parameters implies a complicated fixed point problem. First, given initial values for α and ξ, we estimate the process for θ and η using our sample of firms (the details are explained next). Second, given these processes, we choose the values of α, ξ, δ, φ and λ so that the invariant distribution reproduces the 1989-94 averages of the capital to sales ratio, the investment to sales ratio, the exports to sales ratio, the foreign debt to exports ratio, and the exit rate observed in our sample of firms 8 . If the initial values of α and ξ are different form those obtained at the second stage, we update them and start again.
The Stochastic Process for Productivity and Export-types
Our panel of firms provides the data for the capital to sales and exports to sale ratios, as well as the capital stock, for each firm and year between 1989-94. Given the (initial) values of α and ξ, and the real exchange rate for each year, we estimate the parameters θ it and η it , for each firm in each year solving simultaneously the system of equations
is the optimal exports decision in the theoretical model. Next, we take average values for θ and η for each firm across the period 1989-94, and discretize these values into an equally log-spaced 5 point grid. The transition matrix for θ is calculated using the empirical distribution of the estimated values of θ. In other words we counted the relative frequency of particular pair of (θ, θ 0 ) in two consecutive time periods, for all 25 possible combinations of (θ, θ 0 ) and for all time periods.
Calibration Targets
Given the stochastic processes, we choose the values of α, ξ, δ, φ and λ so that the invariant distribution reproduces some 1989-94 statistics. To construct this invariant distribution, we solve the model by value function iteration. The steps are:
1. For each value of (K 0 , B 0 , e, θ, η) in the grids, we solve for the interest rate R 0 which satisfies the zero-profit condition for foreign lenders.
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2. Given R 0 , we solve the dynamic programming problem at each point in the grid for (K, RB, e, θ, η) using value function iteration. This gives us the policy rules K 0 and B 0 .
3. Given these policy rules and the transition function for the distribution µ, we fix the real exchange rate e to its average level and iterate until obtaining an invariant distribution µ * (e). Table 9 presents the results of the exercise. We obtain a value for the capital share in the production function of 0.36 and a depreciation rate of 11%, which are close to the standard values obtained form calibration exercises using aggregate production functions (see, for instance, Bergoeing et. al., (2002)). The implied value for the elasticity of exports to the real exchange rate (
) is about 2.5. We don't have independent estimates for this elasticity, although we believe our number is not unreasonable. Finally, we obtain a fixed cost of 55 and an exogenous turnover probability of 6%, from which we do not have independent estimates either. Under this parametrization, the benchmark economy reproduces fairly well the statistics observed in the 1989-94 data. If anything, we slightly underpredict the amount of foreign debt in the model.
Other Statistics
In Table 10 , we compare some additional properties of the invariant distribution of firms generated by the model to the 1989-94 data. In our benchmark economy capital, debt, exports and productivity (θ) are all positively correlated, which is also true in the data. However, we generate a smaller correlation between debt and capital than the one observed. This is because our exogenous exit rate dilutes these correlations by adding a mass of firms with low capital and moderate debt. On the other hand, the correlation between capital and productivity is too high, since the optimal amount of capital to which firms converge is closely related to the productivity shock. Finally, the correlation between capital and exports, and debt and exports, is also too low in the model. This is probably coming out of our assumption of stationarity of the real exchange rate in the pre-devaluation period. Table 10 also compares the average characteristics of firms which exit in the model and in the data (i.e., firms delisted from our sample), relative to the total number of firms. As in the data, firms which exit in our model are on average small and have lower debt. Contrary to the data, however, low productivity firms exit in our model, following a standard selection argument. We are surprised not to observe such selection in the data. Exporters are also less likely to exit in the data than in the model. Summarizing, the calibration exercise provides us with a quantitative model that reproduces some important features of the 1989-94 Mexican economy, or at least of the sample of firms that we are using. A richer model will be necessary to fully reproduce the statistical properties of the panel of firms.
6 Experiment: The 1994-95 Devaluation Using our calibrated model, we perform the following experiment. Starting from the invariant distribution, which was assumed to represent the pre-1995 economy, we simulate the evolution of the economy from 1995-99 feeding the model with the observed path for the real exchange rate. This is, we start with a large depreciation of the real exchange rate followed by a progressive appreciation. Given the optimal decision rules for firm, we compute new distributions for each year, as well as aggregate statistics. Table 11 reports the aggregate levels of investment, sales, exports an foreign debt generated by the model for 1995 (normalizing their 1989-94 23 levels to 100) and compares them to the data 9 . All magnitudes are computed in units of domestic output. We reproduce fairly well the export boom and the increase in the burden of foreign debt, which gives us some confidence to assess the competitiveness and balance sheet effects on investment. The model predicts an immediate fall on investment of 21%, short of the 24% drop observed in the 1995 data compared to the averages of 1989-94.
Results

Short run Effects
We conclude that the drop of investment in the model is largely due to a strong balance sheet effect, as the debt burden (in domestic units) increases after the real depreciation, both in the data and in our model. This effect dominates the competitiveness effect of the increase in exports, so that firms net worth decreases and, given capital market imperfections, they have to adjust decreasing investment expenditures.
Our explanation is able to account for about 85% of the drop in investment in the short run.
Medium run Effects
In the medium run, the time series obtained using the benchmark model for 1995-98 are plotted in Figure 3 , which also shows the evolution of the corresponding variables in the data. A simple inspection shows that the model cannot account for the sustained high levels of exports between 1996-98, when the real exchange rate appreciates, nor for the increase in domestic sales. The positive net worth effects generated by these two effects are consistent with a rapid recovery and further increase of investment in the data, which does not occur in the model.
We think that to some extent (from which we do not have a quantitative assessment, unfortunately) the actual 1995-98 path of the Mexican economy cannot be attributed to a recovery from the devaluation shock, only. This period featured other important shocks as well, as some structural reforms were implemented. One of 9 Notice that we are not using as a starting point for this comparison the actual values in the data for 1994. Given the characteristics of the experiment, we prefer to interpret the pre-devaluation situation as described by the averages of 1989-94 variables in the data, and compare the evolution of the relevant variables after the devaluation to these initial averages.
such structural changes is the opening of the US market to Mexican imports through NAFTA, which might be responsible for the sustained export boom even after an important appreciation of the real exchange rate after 1995. Since our experiment only captures the impulse response function of the model to one large real exchange rate increase, abstracting from other shocks to the economy, we are unable to account for the path of investment in the years after the crisis.
Conclusions
We have built a model in which movements of the real exchange rate have important effects on firms' dynamics, productivity, and investment. The key channels seem to be the competitiveness effect, affecting exports, and the balance sheet effect, affecting foreign debt burden. We use the model to analyze the effects of the 1994-95 Mexican devaluation and obtain consistent results in terms of: (i) an increase in the debt burden, (ii) an increase in exports, and (iii) a decline in investment, immediately after the devaluation.
The experiment, however, has some shortcomings, especially in its ability to predict the medium term effects of the devaluation. First, we do not account for the sustained export boom in Mexico following the 1995 crisis, which are likely to be a by-product of structural reforms (as NAFTA). This boom had echoes in investment and sales in the economy, which are also underpredicted by our model. Including these reforms in the analysis is an interesting topic for future research.
25
A Appendix Proposition 1 The optimal export decision can be represented by a function x (K, e, θ, η).
Moreover,
(ii) x is strictly decreasing in K and θ, if x < 1;
(iii) x is strictly increasing in η and e, if x < 1; and (iv) lim e→0 x (K, e, θ, η) = 0 and lim e→+∞ x (K, e, θ, η) = 1.
Proof. The first order condition for an interior solution to the maximization
is strictly increasing, this interior solution always satisfies the non-negativity constraint on x. To ensure that the upper bound on x is satisfied, we impose x = min n (g 0 )
o , which gives us (i). Next, it is clear that the inte-
θf (K) is strictly decreasing in K and θ, as stated in (ii).
Since g is strictly concave, it is also strictly increasing in η and e, which proves 
+∞. The limits in (iv) are then immediate from (i).
Proposition 2 The collateral function Π (K, e, θ, η):
(i) is strictly increasing in K and θ,
(ii) is strictly increasing in η and e. Moreover, (iii) Π (K, e, θ, η) /e is decreasing in e; and (iv) lim e→0 Π (K, e, θ, η) /e = +∞ and lim e→+∞ Π (K, e, θ, η) /e = ηg [θf (K)].
Proof. Using Proposition 1(i), we can write 
so (i) is immediate. To show (ii), we compute
since g is strictly increasing; similarly,
We also compute
which proves (iii). Second, at the corner x = 1,
clearly satisfies (i) and (ii). Moreover
also satisfies (iii). Finally, to prove (iv), Proposition 1(iv) implies This completes the proof.
and a return for the foreign lender below the risk free rate.
(ii) If (1 + ρ) B 0 ≤ Π (K 0 , e, θ, η) /e, the debt contract with R 0 = 1 + ρ implies π = 1. This contract satisfies the zero profit condition for the foreign lender.
The lender obtains the value of the collateral Π (K 0 , e 0 , θ 0 , η) /e 0 , which is less than the risk free rate. Of course, if R 0 < 1 + ρ the lender will also get less than the risk-free rate, independently of the probability of repayment.
(ii) Proposition 2(iii) implies that
The lender obtains with probability one (1 + ρ) B 0 , satisfying the zero profit condition (3).
there exists a unique e <ê < e;
(iii)ê is strictly increasing in K 0 , θ 0 , and η, and strictly decreasing in R 0 and B 0 ;
(iv) π θ 0 = F (ê| e) ∈ (0, 1); and (v) π θ 0 is strictly increasing in K 0 , θ 0 , and η, and strictly decreasing in R 0 and B 0 .
Proof. Consider the condition Π (K 0 ,ê, θ 0 , η) =êR 0 B 0 , which can be written
Proposition 2 establishes that the left hand side of the previous expression is decreasing in e 0 , with lim e 0 →0 Π (K 0 , e 0 , θ 0 , η) /e 0 = +∞. Moreover, Π (K 0 , e, θ, η) /e < R 0 B 0 , since from the zero profit condition (3) it is clear that R 0 ≥ 1 + ρ. Therefore, there exists a unique value 0 <ê < e that equates the left hand side and the right hand side. To show thatê > e , note that otherwise the probability of repayment would be zero, therefore the lender would lower R 0 until making zero-profits. This completes the proof of (i) and (ii). Proposition 2(ii) implies that as K 0 , θ 0 , or η increase, the left hand side shifts up, soê increases. With a similar argument, as R 0 or B 0 increase, the right hand side shifts up, soê decreases, as stated in (iii). The result in (iv) only restates (ii), given the definition of π θ 0 , and implies using (iii): (ii) strictly increasing in B 0 ;
(iii) strictly decreasing in η.
Proof. To get the derivatives of R 0 with respect to K 0 and B 0 we use the implicit function theorem
where Γ is defined as in (4) . Notice that
The first term in the brackets is zero by definition of b e, so
since, under the conditions of the proposition, π ∈ (0, 1). Similarly,
Combining the previous results and using the implicit function theorem,
This proves (i). Next, we compute
since otherwise Γ > 0. Using again the implicit function theorem
which completes the proof of (ii). Finally, we compute
completing the proof of (iii)
e, θ, η) /e and let the equilibrium interest rate be R 0 (K 0 , B 0 , e, θ). Define
Then, R 0 is:
(i) strictly increasing in e if φ (K 0 e, θ, η) < 0;
(i) strictly decreasing in e if φ (K 0 e, θ, η) > 0; and (iii) independent of e for φ (K 0 e, θ, η) = 0.
Proof. To get the derivatives of R 0 with respect to e we use the implicit function
where Γ is defined as in (4). We already showed that Γ R 0 = πB 0 > 0. Now,
f ( e 0 |e) ∂e
which proves (i), (ii), and (iii). 
